Introduction
Global changes in the world caused by human impact on the environment are currently leading to the intense destruction of the human environment. Preserving the environment is the main condition for the existence of human civilization [1, 2] , and as a result, the main task of processing enterprises.
The current environment is constantly deteriorating. In just a few centuries, we have lost many of their environmental systems and biospheres of great value, along with forever-lost species of plants and animals [3] .
Human impact on wildlife continues every day: for the sake of profit, many enterprises cut down forests, pollute lakes, seas and oceans, and slowly destroy the biosphere of the planet [4, 5] .
This global problem is now in the focus of major world countries and organizations. Many conferences are conducted, and environmental pollution is monitored daily.
«Production ecology» is very extensive term including many theoretical and applied problems, the main purpose of which is to significantly reduce the negative impact of production on the environment. This term covers the particular relationship between the enterprise and the biosphere, as well as environmental problems and methods for solving them. First, the damage to biosphere caused by the production is the emissions of carbon dioxide, which subsequently generates the greenhouse effect and global warming of the planet [6] .
The creation of the Kyoto Protocol, which can significantly reduce carbon dioxide emissions worldwide, is the effort of the world's community. Studying the human impact on nature will allow us not only to preserve the primordial natural systems that existed many centuries before us, but also to restore them as much as possible [7, 8] .
Meat industry is one of the food industries with global environmental impact. This type of production affects climate change in relation to global warming, generates substances that deplete the ozone layer and is characterized by a high water and energy consumption, which leads to the discharge of waste and wastewater. Biosphere pollution including water sources is a real factor that has a negative impact on human health. According to the World Health Organization (WHO), every tenth person in the world suffers every year from the use of low-quality drinking water. Up to 50% of river water is subjected to human impact every year, including the discharge of 425 x 109 m3 wastewater.
Significant contamination of water and inefficient water treatment are the main reasons for the low quality of drinking water. Violations of SanPiN2.1.4.10749-01 requirements, in which physical-chemical and microbiological indicators of drinking water are established, are observed in all subjects of the Russian Federation. Over 90% of wastewater in public utilities are discharged to surface waters in contaminated state. Water quality is significantly affected by the substances and compounds in it in various concentrations. Exceeding the concentration of some pollutants can have a negative effect both on humans and on environment in a water body. Therefore, when discharging wastewater after production, it is necessary to remove harmful substances and achieve maximum permissible concentrations (MPC) of these substances in wastewater [9] .
To date, in the field of environmental safety, a series of informational technical handbooks (ITH) has been developed for the best available technologies (BAT), e. g. ITH 8-2015 «Wastewater treatment in the manufacturing of products (goods), works and services at large enterprises»; ITH 22-2016 «Purification of harmful (polluting) emissions into the air in the manufacturing of products (goods), works and services at large enterprises». They are key tools to reduce the negative impact of industry on the environment, which help complying with environmental requirements and promote technological innovation. In addition, ITH 43-2017 «Slaughter of animals at meat processing plants, slaughterhouses, livestock by-products» and ITH 44-2017 «Food production» were developed, which include environmental requirements taking into account the type of industrial enterprises.
So, the BAT ITH 44-2017 «Food production», which is effective since June 1, 2018, contains a description of technological processes used in the production of foods, equipment, technical methods implemented in the Russian Federation, including those that reduce negative impact on the environment and water consumption, increase energy efficiency and resource conservation. From the described technological processes, equipment and technical methods, the solutions are determined that are the best available technologies (BAT).
Of particular note is ITH 43-2017, «Slaughter of animals at meat processing plants, slaughterhouses, livestock by-products», which is also effective since June 1, 2018. This handbook applies to the technology of slaughter and primary processing of cattle, pigs, poultry, etc. In addition, it covers technological processes associated with activities that may have or have an impact on the volume of emissions into the environment or the extent of environmental pollution.
Intensification of livestock production creates the conditions for increasing the level of resource consumption and enhancing the negative impact on the environment. This BAT handbook designed to justify decision making on determining available technologies for slaughtering animals at meat processing plants, slaughterhouses, processing livestock by-products, designing new and reconstructing existing meat processing enterprises, and issuing complex permits, discusses solutions to prevent and reduce negative impact of meat processing enterprises on the environment [10] .
The implementation of BAT involves large financial investments of the enterprise. However, at the same time, the state plans to support development of these technologies and other measures to reduce negative impact on the environment through a number of measures to provide tax benefits and privileges in relation to fees for negative environmental impact.
Ultimately, the transition to the best available technologies should lead to the modernization of Russian enterprises, which will contribute to the development of ecofriendly and competitive production, as well as minimizing the negative impact on the environment [11, 12, 13] .
Despite the differences in meat production technology, food habits and cultural diversity, ecofriendly and safe production is one of the most serious problems of meat production chain in 21st century [14] .
Environmental management is a system for regulating the activities of an enterprise in different forms, directions, etc., which directly or indirectly relate to the enterprise's relationship with the environment [15] .
The main goal of environmental management is to increase confidence in the enterprise where it is carried out by systematically improving the environmental situation in all fields of work. The most characteristic improvement is the reduction of the negative impact of industrial enterprises on the environment [16] .
Environmental management first appeared in the global economy in 1990s due to the efforts of the International Organization for Standardization (ISO) in accordance with the UN requirements for environmental protection.
One of the first countries to propose environmental management was Great Britain, where in 1990 a new «Environmental Act» was adopted. This document was followed in 1992 by the Specification for Environmental Management System BS7750 prepared and issued by the British Standardization Institute in accordance with the request of the British Industry Conference. It contains recommendations that may be useful for creating an effective environmental management system and developing proactive environmental auditing. This should favorably affect the environment. At the initial stage, it was assumed that UK enterprises would voluntarily follow the recommendations of the BS7750 Standard. Later, other community states joined the UK, and the standard became the basis for the development of regulatory international documents [17] .
In accordance with accepted international standards, environmental management system (EMS) is a part of a single management system including organizational structure, activity planning, distribution of responsibility, practical work, as well as procedures, processes and resources for the development, implementation, evaluation of achieved results and improvement of environmental policy.
Most enterprises control their activities in the field of environmental protection, but such control is an internal activity and cannot be considered sufficient to ensure that the activities of enterprises fully meet the requirements of environmental safety.
Currently, a reform is being introduced in the processing industry based on the principles of BAT and technological standardization of enterprises, which was presented on July 21, 2014 by federal law No. 219-FZ «On Amendments to the Federal Law On Environmental Protection». This law divides enterprises into four categories in accordance with the level of environmental impact and the issuance of complex environmental permits (CEP). For the first category, i. e. the most «dirty» plants, the issuance of CEP will be accompanied by the approval of a BAT-based modernization program. Forced introduction of «clean» technologies should lead to a reduction in emissions and discharges, minimize waste generation and result in the gradual closure of obsolete facilities, but taking into account business interests and maximum economic efficiency.
In order to ensure a guaranteed level of environmental protection that meets international requirements and the requirements of national legislation, structured environmental management systems built on certain principles are necessary, which should be combined into general administrative management activities that ensure product competitiveness, financial stability and other economic goals of enterprises in an open market. Such systems should be sufficiently illustrative to ensure that the activities of enterprises not only currently comply, but also will comply with the requirements of environmental safety, i. e. they must ensure the sustainability of enterprises in terms of environmental impact.
In particular, such systems are provided by international standards of ISO 14000 series [18] .
Environmental management system is determined by its model, which includes five main elements: environmental policy; planning; implementation and operation; inspections and corrective actions; analysis by managers.
The implementation of this model will allow the company to solve the following problems: to identify environmental aspects taking into account past, current or planned activities of the organization, identify regulatory requirements, establish environmental policies and develop structures and programs for its implementation, modify systems against changing circumstances [19] .
It is worth noting that one of the main steps towards the implementation of an effective environmental management system is the assessment of environmental risk, which is component of the organization's activities, its products or services and require the adoption of the focused management decisions by identifying possible environmental risks [20] .
Management of environmental aspects is aimed at identifying potential violations and risks that need to be eliminated/minimized, as well as at introducing strategies to control such risks.
Thus, risk identification, analysis and management allow enterprises to achieve economic benefits by reducing environmental impact and reducing the use of natural resources, which is an urgent goal today.
Materials and methods
Given the importance of an effective analysis of environmental risk, the V. M. Gorbatov Federal Research Center for Food Systems of Russian Academy of Sciences conducts research on the management of environmental aspects as part of a model analysis. The object of research is the production process from the slaughter of animals to finished products.
Expert assessment methodology
In the process of implementing an environmental management system in organizations, the question often arises, how to identify significant environmental aspects in order to ensure objective planning when developing and implementing an environmental management system.
As an option for identifying important environmental aspects, a method for ranking their indicators according to the degree of environmental impact is proposed. An objective assessment of each indicator of environmental aspects for their subsequent ranking is possible using an expert assessment.
When conducting such studies, the method of aspect scoring is used, i. e. one of the methods of risk assessment based on a generalized indicator determined by a number of expertly assessed values for indicators (factors) of risk level.
The general design of expert surveys includes the following steps:
preparation of research, preparation of questionnaires; generation of the goals and issues of expertise; generation of the rules for conducting a survey or the nature of expert relationships; formation of an expert panel; selection of a method for assessing the degree of expert competence; generation of the rules for processing expert opinions; calculation of generalized expert scores, final analysis of expert opinions, interpretation of the results.
Methodology for assessing environmental risk
The identification and assessment of environmental aspects and environmental impact of an enterprise is carried out according to the main activities of the enterprise.
To determine the level of impact on the environment, a list of environmental aspects of the entire production process is created and the level of impact is determined according to the scale: A) Low «1» -a slight impact on the environment is expected; B) Medium «2» -limited or medium impact on the environment; C) Significant «3» -significant impact on the environment.
The determination of environmental aspects with a detailed development of the environmental impact diagram is carried out for those production processes that have at least one significant level of environmental impact (score 3).
Based on the experience and analysis of technological documentation for the process, technical and sanitary-hygienic certificates for equipment, environmental aspects are determined for which there is a possibility of environmental impact, as well as the loss of raw materials and energy. The identification of important and priority aspects is based on their systematic assessment.
If an aspect have positive answers to one of the two questions below, then it is ranked as priority aspect: 1. The aspect does not meet the requirements of legislative acts; 2. The aspect is contrary to the environmental policy of the enterprise. All other aspects are evaluated according to the method of assessing the significance.
To determine the significance, three levels of environmental aspects are distinguished, i. e. the severity of impact, the probability and the calculated quantitative estimate of the emerging aspects.
The significance is defined as the sum of the severity of impact, the probability and the calculated quantitative estimate of the emerging aspects.
The severity of impact is defined as the sum of positive answers to the following questions (maximum score is 7): 1. May this aspect adversely affect the organization's reputation if there is no control over it? 2. Is this aspect related to soil pollution in the region? 3. May this aspect lead to water pollution? 4. Is this aspect related to the impact on air quality in the region? 5. Is this aspect related to the impact on global warming? 6. Is this aspect related to the impact or risk to public health? 7. Does this aspect generate waste?
The probability of environmental aspects and the calculated quantitative estimate are evaluated in accordance with the scores given in Table 1 . The values of the selected scores of each of the four levels of environmental aspects are presented in in columns 5 to 7 of the environmental aspects table ( Table 3 ).
The overall significance of environmental aspects (К sig ) is determined by the sum of the significance scores for all levels of aspect manifestation according to the following equation:
where X i is the estimated significance score of level I (X i = 1, 2, 3); N is the number of levels (N = 3). The value of Кsig varies from 3 to 15.
After the calculations are completed, the values of К sig are displayed in column 8 of the environmental aspects table ( Table 3) .
The results of the overall significance are displayed as letter indexes (I, S) in column 9 of the environmental aspects table (Table 3) .
The overall (integral) significance of environmental aspects is determined in accordance with Table 2 . 
Results and discussion
Using the described methodology, in accordance with the block diagram of the production process for each technological stage, environmental aspects and their significance are determined. An example of assessment for the «Slaughter» stage is presented in Table 3 .
Identification and assessment of environmental aspects are carried out by the main activities of the enterprise. Throughout the entire production cycle, production activities include a number of technological processes, from the receipt control of raw materials to storage of finished products, as well as all related production stages, that may lead to environmental risk.
Assessment of environmental impact is reviewed as part of the annual auditing of the environmental management system; in case of changes in the organizational structure of the enterprise; or in case of changes in the structure of processes, activities, in the list of applicable laws and regulations; as a result of the environmental events, complaints and claims from interested parties; or identification of inconsistencies during internal and external auditing, but at least once a year.
Based on the resulting data, a diagram (Figure 1 ) of the process with certain categories of environmental aspects was built.
As a result of the diagram analysis based on the sum of significant and insignificant environmental aspects of each production stage, it was found that the stages of slaughter, deboning, trimming and the production process itself have the most negative impact on the environment, which is due to: 1. the formation of biological and solid waste at the stages of slaughter, removal of offal and cutting of raw materials that requires disposal and processing; 2. the formation of streams with off-odor during slaughter and cutting of carcasses; 3. the presence of wastewater in the process of slaughter and classification of raw materials and during auxiliary operations of equipment, containers, inventory and premises treatment requiring a mandatory purification in any direction of water disposal (urban sewage or water body), as well as disinfection when discharged into the natural environment; 4. the formation of liquid wastes from wastewater treatment (sludge, sediment) requiring dehydration before their transition to landfills; 5 high energy consumption associated with meat refrigeration, water heating, heat treatment of by-products (fat refining, production of gelatin, glue, meal); 6. possible contamination by bacteria, spoilage of the product during improper storage; 7. environmental pollution with toxic antiseptics.
To reduce the degree of impact on the environment and human health, corrective actions have been developed for the «Slaughter» stage to eliminate non-compliance and prevent its recurrence, which are presented in Table 4 .
All significant risks and corrective actions are represented in the environmental goals of the enterprise, environmental program and tasks depending on their level and complexity.
Each assessment must take into account direct and indirect risks that are associated with routine and emergency situations. Direct risks, as a result of which there is a direct impact on the environment (emissions, discharges, waste, noise, etc.), and indirect risks, when the impact is mediated through other organizations (consumption of energy produced at power plants, consumption of water from centralized water supply sources). Based on the resulting data, a diagram (Figure 1 ) of the process with certain categories of environmental aspects was built. In all cases, when possible, a quantitative assessment of influences will be performed with the definition of methods for its implementation and control.
According to Takwa Aloui [21] , the main sources of emissions from cattle rearing and slaughter are enteral fermentation, manure management and energy consumption. In particular, the main greenhouse gases (GHGs) emitted by this industry are methane CH 4 (greenhouse gas associated with animal emissions), nitrous oxide N 2 O (the most powerful greenhouse gas) and carbon dioxide CO 2 .
Andrien [22] notes that according to the CAPRI model, the agricultural sector emits 49% of total GHGs, while 21% comes from the energy sector, 2% from the industrial sector and 29% from changes in land use. With regard to livestock, European livestock emits a total 661 million tons of CO 2 -eq., which is distributed as follows: 29% from the production of beef, 29% from the production of cow's milk, 25% from the production of pork, and 17% from all other animal products. Therefore, Pelletier and Tyedmers report that direct GHG emissions from meat, milk and egg production are predicted to increase by 39% in 2050 compared to 2000 [23] .
Conclusion
Studies have shown that during meat processing, the stages of slaughter, deboning, trimming and the production process itself have the most negative impact on the environment. The main ways to reduce this impact of meat production on environmental safety are identified, which include the need to implement ways to improve the management of meat production aimed at producing high-quality meat that meets the principles of meat quality management at low cost. The best solutions also include introduction of best environmental practices in areas with livestock farms, proper location and construction of meat livestock farms, reducing the amount of biological waste, disposal of waste in the safest way, reducing the amount of water consumption and improving the quality of wastewater. Table 4 Corrective actions for identification of environmental risk for the «Slaughter» stage
Environmental risk (aspect) Corrective actions
The formation of biological waste at the stages of slaughter, deboning, trimming, and evisceration of raw materials Processing waste approved by the veterinary service for processing into animal feed; Use of waste as raw material for biogas production; Disposal of waste by disinfection in biothermal pits, incinerating or removal under an agreement with biological waste utilization companies.
Solid waste generation from the manufacturing process
Increased responsibility for solid waste processing; Waste processing into secondary raw materials. Garbage goes to processing and turns into thermal energy and organic fertilizer. The use of environmentally friendly, photodegradable polymer packaging materials. Complete separation of the non-food waste processing line. Reduction of water level in blood by steam coagulation before processing.
Wastewater generation
The use of improved filtration systems, flotator for fine deep wastewater treatment;
The use of mechanical and physical-chemical water treatment. The use of grease traps with automatic collection and removal of grease sludge and sediment. Biological wastewater treatment, including selective tank, denitrifier, aeration tank/nitrifier, sludge flotator, biological aerobic reactor, sludge tank and unit for the preparation and dosing of nutrients. Wastewater treatment using lignosulfonic acid (LSA), i. e. removal of coarse suspended matter on gratings and in sand traps, averaging of drain, mixing of liquid with reagents, flotation, neutralization of treated water. Treatment of manure-and paunch manure-containing wastewater. Cleaning and disinfection of infected drains with manure trap. Equipping cattle pens in meat processing plants with protective canopies, since rainfall increases the amount of wastewater.
Using grease traps to remove fat from water.
Energy use
Identification of problem areas of electricity overruns and determination of measures to eliminate it; Measures to update production equipment (improvement in cold supply systems); Measures to update lighting equipment. The use of centrifugal fans (with reverse bending) in ventilation and refrigeration systems. The use of water sprayers (cooling with liquid curtain) or shock freezing (rapid cooling tunnels) for cooling animal carcasses.
Water use
The use of dry scraper to clean livestock vehicles before high pressure hose washing. Minimize washing of carcasses in combination with clean slaughter methods, while avoiding washing in cases where it is acceptable. Removing all unnecessary taps from the slaughter line. Hot water management and process control. Wash pigs with a timer-controlled nozzle to save water. Dry cleaning of the floor in the pen for slaughtering livestock and its periodic washing with water. Reuse of cold water from pork scrapers and replacing irrigation pipelines with flat nozzles. Reuse of cooling water from pig burning furnaces. Pig washing after burning using a flat nozzle. Adjustment and minimizing the water consumption while washing small and large intestines. Adjustment and minimizing the water consumption while washing tongues and hearts.
Off-odor at work Creation of more effective treatment facilities; verification of ventilation and exhaust systems.
The appearance of harmful bacteria in the product Increasing control over temperature conditions of product storage at all stages of production; prevention of raw materials excesses.
